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and provided thereon, an ink receiving layer containing factant to the cationic fluorine-containing surfactant is 

1:10 to 10:1 in terms of mole ratio. 
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Description 

FIELD OF THE INVENTION 

5 The present invention relates to a recording sheet for ink-jet recording and a recording method for ink-jet recording, 

and particularly to a recording sheet for ink-jet recording and a recording method for ink-jet recording in which a water 
based ink is used. 

BACKGROUND OF THE INVENTION 

10 

Recently, following the proliferation of personal computers, ink-jet recording system printers are rapidly spreading. 
Specifically, in the field of graphic art and designing, its utilization is being taken notice of due to its high quality resem- 
bling photography. 

As a recording sheet used for ink-jet recording system, conventionally, a recording sheet wherein an ink receiving 
15 layer (hereinafter, referred also to as "ink-absorption layer") is provided on ordinary paper or a support referred to as 
an ink-jet recording paper has been used. However, when the above-mentioned recording papers are employed, much 
ink blurring results and glossiness is low. Therefore, the above-mentioned recording papers could not be empbyed 
for the above-mentioned field wherein high resolution and high glossiness is required. 

In addition, when a transparent support is used to produce an original for an OHP (over-head projector), there was 
20 the problem that a porous ink-absorption layer interferred light transmittance. 

In order to overcome the above-mentioned problems, Japanese Patent Publication Open to Public Inspection 
(hereinafter, referred to as Japanese Patent O.P.I. Publication) Nos. 216990/1 992 and 64306/1994 disclose technol- 
ogies of an Ink-jet recording sheet wherein a resln-covered paper i.e., an RC (resin coated) paper, in which both sides 
of the paper are covered with resin, is used for a support and gelatin is used for the ink-receiving layer. 
25 According to the above-mentioned specifications ' they assured to have high resolution and, further, could provide 

a glosy image. However, they were still inadequate in terms of overall quality Specifically, dot reproducibility was 
insufficient so that they could not be used for original graphic art work nor printing of a fine design pbture. 

SUMMARY OF THE INVENTION 

30 

An objective of the present invention is to provide a recording sheet for ink-jet recording capable of obtaining high 
image quality and stable image quality in ink-jet recording, and to provide a recording method employing aforesaid 
sheet for Ink-jet recording. 

35 DETAILED DESCRIPTION OF THE INVENTION 

The above objects of the invention can be attained by the following: 

1 . A recording sheet for ink-jet recording comprising a support, and provided thereon, an ink receiving layer, wherein 
40 the Ink receiving layer contains an anionic fluorine-containing surfactant and a cationic fluorine-containing sur- 
factant. 

2. The recording sheet for ink-jet recording of 1 above, wherein the content ratio of the anionic fluorine-containing 
surfactant to the cationic fluorine-containing surfactant is 1:10 to 10:1 in terms of mole ratio. 

3. The recording sheet for ink-jet recording of 1 or 2 above, wherein the content ratio of the anionic fluorine- 
45 containing surfactant to the cationic fluorine-containing surfactant is 3:7 to 7:3 In terms of mole ralb. 

4. The recording sheet for ink-jet recording of 1 , 2 or 3 above, wherein the ink receiving layer further contains gelatin. 

5. The recording sheet for ink-jet recording of 1, 2. 3 or 4 above, wherein the ink receiving layer further contains 
gelatin and a water-soluble polymer 

6. The recording sheet for ink-jet recording of 1 , 2, 3, 4 or 5 above, wherein the water-soluble polymer Is at least 
so one compound selected from polyvinyl pyrrolidones and polyvinyl alcohols. 

7. The recording sheet for ink-jet recording of 1, 2, 3, 4. 5 or 6 above, wherein the content ratio of the water-soluble 
polymer to the gelatin is 10 to 70 weight %. 

8. The recording sheet for ink-jet recording of 1, 2, 3, 4, 5, 6 or 7 above, wherein the content ratio of the water- 
soluble polymer to the gelatin is 40 to 60 weight %. 

S5 9. The recording sheet tor ink-jet recording of 1, 2. 3, 4, 5. 6, 7 or 8 above, wherein the support is a resin-covered 

paper in which both surfaces of the paper are covered with a resin, or a polyester film. 

10. The recording sheet for ink-jet recording of 9 above, wherein the resin is a polyolefin resin. 

11 . The recording sheet for ink-jet recording of 9 above, wherein the polyester is polyethylene terephthalate. 
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12. A method for ink-jet recording, the nnethod employing a recording sheet for ink-jet recording comprising an ink 
receiving layer provided on a support, wherein the ink receiving layer contains an anionic fluorine-containing sur- 
factant and a cationic fluorine-containing surfactant. 

13. The method for ink-jet recording of 12 above, wherein the content ratio of the anionic fluorine-containing sur- 
5 faclant to the cationic fluorine-containing surfactant is 1 :10 to 10: 1 in terms of mole rat'to. 

14. The method for ink-jet recording of 12 or 13 above, wherein the content ratio of the anionic fluorine-containing 
surfactant to the cationic fluorine-containing surfactant Is 3:7 to 7:3 in terms of mole ratio. 

1 5. The method for ink-jet recording of 1 2, 1 3 or 1 4 above, wherein the ink receiving layer further contains gelatin. 

16. The method for ink-jet recording of claim 1 2, 13. 14 or 15 above, wherein the ink receiving layer further contains 
10 gelatin and a water-soluble polymer. 

17. The method for ink-jet recording of 12, 13, 14, 15 or 16 above, wherein the water-soluble pofymer is at least 
one compound selected from polyvinyl pyrrolldones and polyvinyl alcohols. 

18. The method for ink-jet recording of 12, 13, 14, 15, 16 or 17 above, wherein the content ratio of the water- 
soluble polymer to the gelatin is 10 to 70 weight %. 

IS 1 9. The method for ink-jet recording of 1 2, 1 3, 14, 1 5, 16, 17 or 18 above, wherein the content ratio of the water- 

soluble polymer to the gelatin is 40 to 60 weight %. 

20. The method for ink-jet recording of 1 2, 1 3. 1 4, 1 5, 1 6, 1 7, 18 or 1 9 above, wherein the support Is a resin covered 
paper, in which both surfaces of the paper are covered with a resin, or a polyester film. 

21 . The method for ink-jet recording of 20 above, wherein the resin is a polyolefin resin. 

20 22. The method for ink-jet recording of 20 above, wherein the polyester is polyethylene terephthalate. 

The present invention will be detailed below. 

The recording sheet for ink-jet recording in the invention is characterized in that the ink receiving layer, contains 
the above described anronic fluorine-containing surfactant and cationic fluorine-containing surfactant. 

25 It has been so far considered that a combination use of an anionic surfactant and a cationic surfactant causes 
undesirable coagulation in a coating solution prior to coating. However, the experimantal results by the present inventors 
have showed that a fluorine-containing surfactant does not cause coagulation in solution condition. In addition, when 
the fluorine-containing surfactant is used for recording sheets for ink-jel recording, excellent ink-receivability results 
and a phenomenon, wherein ink spot Is difficult to diffuse over the passage of time, scarecely occurs. Therefore, larger 

30 ink spots can be utilized so that it has been found that an image with high density and small unevenness could be 
obtained. 

As an anionic fluorine-containing surfactant preferably used in the present invention, those represented by the 
following Formula (FA) are cited. 

^ Formula (FA) {Cf)-(Y)„ 

wherein Cf represents an n-valent group containing at least 3 fluorine atoms and at least 2 carbon atoms; Y represents 
a -COOM, -SO3M. -OSO3M or -P(=0) {OM)^. M represents a hydrogen atom, an alkali metal or a cation such as a 
40 quaternary ammonium salt; and n represents 1 or 2. 

The example of Cf includes an alkyi or alkenyl group having 2-30 carbon atoms and an aryl group, each containing 
at least 3 fluorine atoms. 

As an anionic fluorine-containing surfactant preferably used In the present invention, those represented by the 
following Formula (FA') are cited. 

45 

Fomnula (FA') Rf-(D),-Y 

wherein Rf represents a fluorine-containing alkyI group having 2-30 carbon atoms or an aryl group having a fluorine- 
' 50 -containing alky] group of 2-30 carbon atoms; D represents a divalent group having at least one of -0-, -COO-, -CON 
(R, )-and -S02N(Ri )- bond and having 1 to' 1 2 carbon atoms; represents an alkyi group having 1 to 5 carbon atoms; 
t represents 0, 1 or 2; Y represents -COOM-. -SO3M, -0S03fu1 or-P(=0) (0M)2; and M represents a hydrogen atorri; ' 
an alkali metal or a cation such as a quaternary ammonium salt. 

Rf preferably represents a fluorine-containing alkyI group having 3 to 10 carbon atoms, D preferably represents a 
55 divalent group containing an alkylene group having 1 to 5 carbon atoms and at least one of -0-, -COO-, -CON(R^)- 
and -S02N(R,)-, or a divalent group containing an arylene group and at least one of -0-. -COO-. -CON(Ri)- and -SO2N 
(R^)- in which R, represents an alkyl group having 1 to 5 carbon atoms, and Y preferably represents -CCXDI^ or -SO^M 
in which M represents an alkali metal, preferably sodium or potassium. 
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IS 



20 



25 



Next, practical examples of the compounds represented by Formula (FA) will be Illustrated. However, the present 
invention is not limited thereto. 

FA-1 C7F15COONH4 
FA.2 C,oF2,(CH2),oCOOH 

FA- 3 

C8Fi7S02]jJCH2CH20 {CH2 ) 3S03Na 
C3H7 



35 



40 



45 



SO 



ss 



FA-4 



C2H5 CF3 

CF3 — C CH- CF— COONa 

C2H5 CF2CI 



FA- 5 

30 cicf2(j:fcf2)4COOh 

CI 



FA-6 H(CF2)^oCOOH 



FA-7 

HOOC(CF2CF)4COOH 
CI 



FA- 8 

Cl(CF2<j:F)3CF2COOK 
CI 

FA-9 CgF^ , CH=CH(CH2)3COONa 
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FA-10 

C4F9CF(CH2)ioCOONa 
CF3 



FA- 11 



C4F9CONCH2CH2COOH 
CH3 

FA-12 CI(CF2)6COONa 



FA- 13 



H (CF2) 8CH2OSO2-Y 7— COOH 



FA- 14 

Ci 0F2 1CH2CH2 S02NCH2COONa 
C2H5 



FA-15 

C6Fi3CO|JCH2COONa 
C2H5 



FA- 16 



C8Fi7S02NCH2CH2S03Na 
C3H7 
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FA- 17 

C8Fi7CONCH2CH2S03Na 
C2H5 



FA- 18 

CsFivSOaNCHaCOONa 
C2HS 



FA- 19 

C8F17SO2NCH2COOK 
C3H7 



FA-20 

C8F17SO2N (CH2CH2O) 4 (CH2 ) 4S03Na 
CH3 



FA-21 



C2F5 CF3 

CF3— C C- CHFCF3 

C2F5 SOsNa 
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FA-22 

C3H7 



CH2COOCH2CH2NSO2C8F17 
IjIS02C 

C3H7 



NaOsS- CHCOOCH2CH2ljIS02C8Fi7 



FA-23 




N 

V-(CF2)4H 

H 

wherein -SOgNa is a 5- or 6-positioned or mixture thereof 

FA-24 H(CF2)6CH2P03H2 

FA-25 H(CF2)QP03Na2 
FA- 2 6 

,S03K 



wherein -SO3K Is a -o, -m or -p-posltioned or mixture thereof 
FA-27 



C8Fi7S02N(CH2)6COOK 
C2H5 



FA-28 Ci2F25CH20S03Na 
FA-29 C7F,5COO(CH2)3S03K 
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IS 



20 



25 



30 



40 



FA- 30 



FA-31 



FA-32 



FA-33 



CH2COOCH2(CF2)6H 
NaOsS- CHCOOCH2 (CF2 ) eH 



C16H33CHCOOCH2CF3 
S03Na 



(CF3) 2CFO (CF2) 2CH2CH (CH2> eCOONa 
( CF3 ) 2CFO ( CF2 ) 2CH2CH ( CH2 ) sCOONa 



C9F17O— / 7— SOsNa 





Qs^nO—i 7— S02NCH2COONa 



45 FA-34 



so CH3 



55 
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FA- 3 5 



FA-36 



FA-37 



3S 



FA- 3 8 



45 



FA-39 



C9F17O— / V-COONa 





C9F17O— / 7— CX:H2CH20P03Na2 



25 



CeFii 




SOsNa 



C9F17O— ( y- CHzPOsNaz 




C9F17N- 



/r-^S03Na 



CH3 



55 
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FA- 40 

fVo 



10 



FA- 41 

IS 



20 



FA-42 



30 



3S 



40 

FA-45 



45 



SO FA-46 



55 




CsFx-jO—K 7— O (CH2CH2O) sSOaNa 




C9F17O— { }— CONCH2CH2COOK 
CH3 




C9F17O-/' 7— SO2NCH2CH2COOH 

C2H5 



FA-43 CgF^^OCHgCHgOSOgNa 



FA-44 C9F^70(CH2)40P03Na2 



CeFiiO— / 7— CHsNHCHsCHzCOONa 



C7F13O— / 7— SOaNa 
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FA-47 H(CF2)70(CH2)3S03Na 



FA- 4 8 



H (CF2 ) loO— / 7— 0 (CH2CH2O) 2 (CH2 ) 2S03Na 



FA- 4 9 



C8Fi7S02N(CH2CH20) 3 (CH2) sSOsNa 
C3H7 



Specifically preferable are anionic fluorine-containing surfactants containing at least one -S02N(Ri)- bond. 
Cationic fluorine-containing surfactants used In the present invention are compounds represented by the following 
Formula (FK): 

Formula (FK) Rf'-L-X*2" 

wherein Rf represents a hydrocarbon group having 1 to 20 carbon atoms in which at least one hydrogen atom Is 
substituted by a fluorine atom; L represents a chemical bond or a divalent group; X represents a cation; and Z represents 
a counter anion. 

As examples of Rf', -Cj^Fi^^., (k= 1 through 20, specifically 3 through 12 are preferable), -C^Fg^-i (ni=2 through 
20, specifically 3 through 12 are preferable) are cited. 

As examples of L. -SOgNiRM (CH2)p-. -CON(Ri) (CH2)p-. -OAS02N(Ri)(CH2)p-, -OAC0N(Ri)(CH2)p-, -OAO 
(CH2)p-. -OA(CH2)p-. -0(CH2CH20)q(CH2)p-, '0(CH2)p-. -N(Ri)(CH2)p-, -S02N(Ri)(CH2)pO(CH2)r-, -CON(Ri) 
(CH2)pO(CH2)r, -OAS02N(Ri)(CHRi)pOA- and -(CH2)p(CHOH)3(CH2)r-. in which A represents alkylene or arylene, 
are cited 

As examples of X+, -N+(R1)3. -N+(CH2CH20CH3)3, -N+C4H80(Ri), -N+(Ri)(R2)(CH2CH20CH3), -N+C5H5, -N+(Ri) 
(R2)(CH2)pC6H5 and -N+(R^)(R2){R2) are cited, wherein fV and R2 independently represent a hydrogen atom or an 
alkyi group, which may have a substituent. having 1 to 6 carbon atoms; p, r and s independently represent 0 through 
6; and q represents 1 through 20. 

As examples of Y', I", C|-, Br, CHsSOa- and CH3-C6H4-SO3- are cited. 

Hereunder, practical examples of the cationic fluorine-containing surfactants preferably used in the present inven- 
tion will be exhibited. However, the present invention is not limited thereto. 



FK-1 



C9F19O-/ V- SO2NH (CH2 ) 3N (CH3 ) 3 
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C9F190— ^^"y^ 0CH2- N^^^ 



FK-3 C7F^5CONH(CH2)2N"'(CH3)3 Cl' 



CH3 



C8F17SO2NH (CH2 ) 2NCH2- ^ ^ 

CH3 



FK-5 C2F5CONH(CH2)3N*(CH3)3 T 
FK-6 Ci2F230(CH2CH20)5CH2CH2N*(CH3)3 



C9F17O { CH2 ) 3N* { CH3 ) 3 CH3 



FK-8 C8F,7S02NH(CH2)3N*(CH3)3 f 
FK-9 C8F,7S02NH(CH2)3N*(CH2CH20CH3)3 



C8Fi7S02NH(CH2)3-N O 

) 

CH3 
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FK-11 



20 



25 



30 



40 



45 



SO 



FK-13 



C7F15CONH (CH2 ) 3NCH2CH2OCH3 Br" 
CH3 



FK-12 C9F,9C0NH(CH2)5N''(CH3)3 I' 



C8F17SO2NH (CH2 ) 30CH2CH2N^ (CH3 ) 3 CH3-/ y SO3" 



FK-14 



C12F25CONH (CH2 ) 3OCH2CH2N* (CH3 ) 3 CH3H( y SO3 



FK-15 



C8Fi7S02N(CH2)3N(CH3)3 
C3H7 



FK-16 



CgFnO-^^^ S02NHCH2CHCH20H^^~y- CH2CH2N (CHa ) 3 

CH3 I- 
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FK-17 

^ C8F17SO2NH ( CH2 ) 3N ( CH3 ) 2 ' Br " 

CH2CH2OH 

10 

FK-18 

IS CsFi? SO2NCH2CH2N ( CH3 ) 3 Br" 



CH2CH2OH 



20 



FK-19 

.-TV 



C8F17SO2NH (CH2 ) 3N^ {CH3 ) 3 CH3-<^^^ ^ SO3- 



30 



FK-20 



40 



45 



C8Fi7CH2<:hch2N (CH2CH2OH) 2 CI" 

OH CH3 



FK-21 C3Fi7S02NH(CH2)3N^(CH3)3 Br- 



ibe anionic fluorine-containing surfactants or the cationic fluorine-containing surfactants of the present invention 
can be synthesized by methods described In U.S. Patent Nos. 2,569,751, 2,567,011, 2,732.398, 2.764,602. 2,806.866. 
2,809.998. 2,915.376, 2.915,528. 2.918.501. 2.934.450, 2,937.098, 2.957.031, 3.472,894 and 3,555.089. British Pat- 
ent Nos. 1,143.927 and 1,130.822, Japanese Patent Publication No. 37304/1970, Japanese Patent O.RI. Nos. 
so 9613^1972, 134614/1974, 117705/1975. 117727/1975, 121243/1975, 41182/1977 and 12392/1976. J. Chem. Soc. 
1950, page 2789 and 1957. pp. 2574 and 2640. J. Amer. Chenn. Soc., Volume 79. page 2549 (1957), J. Japan Oil 
Chemists Soc., Volume 12, page 653 and J. Org. Chem., Volume 30, page 3524 (1965). 

Some of the above-mentioned fluorine-containing surfactants are commercially available as follows: Megafac F 
produced by DaiNippon Ink Chemical Industry Co, Ltd.; Fluorad FC produced by Minesota Mining and Manufacturing 
ss Company; Monflor produced by Imperial Chemical Industry; Zonyls produced by E. I. Du Pont Nemeras and Company; 
Licowet produced by Falbewereke Hexist. 

The total amount of the anionic fluorine-containing surfactant and cationic fluorine-containing surfactant used In 
the Invention Is 0.1 to 1000 mg, preferably 0.5 to 300 mg and more preferably 1.0 to 150 mg per 1 m^ of recording 
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sheet. The anionic fluorine-containing surfactant and cationic fluorine-containing surfactant each may be used in two 
or more kinds, respectively. In addition to these surfactants, a nonionic or amphoteric fluorine-containing surfactant or 
a hydrocarbon type surfactant may be used in combination. 

The addition amount ratio of the anionic fluorine-containing surfactant to the cationic fluorine-containing surfactant 
5 In the invention is preferably 1 :10 to 10: 1 by mole ratio, and more preferably 3:7 to 7:3 by mole ratio. 

In the invention, the ink receiving layer of a recording sheet for ink-jet recording contains the anionic fluorine- 
containing surfactant and the cationic fluorine-containing surfactant, and further contains a binder for forming the layer. 
The binder includes a natural polymer and a synthetic polymer. The binder used in the invention is preferably gelatin. 

As gelatin, any gelatin made from animal collagen can be used, but gelatin made from pig skin, cow skin or cow 
10 bone collagen is preferable. The kind of gelatin is not specifically limited, but lime-processed gelatin, acid processed 
gelatin or gelatin derivatives (for example, gelatin derivatives disclosed in Japanese Patent Publication Nos. 
38-4854/1962, 39-5514/1964, 40-12237/1965, 42-26345/1967 and 2-13595/1990. U.S. Patent Nos. 2.525.753, 
2.594,293. 2,614,928, 2.763,639, 3.118,766, 3,132,945, 3.186.846 and 3.312.553 and British Patent Nos. 861,414 
and 103,189) can be used singly or in combination. 
IS In one of the preferable embodiments in the invention, acid processed gelatin is used in view of ink absorption, 

and gelatin in which the amino group is inactivated Is used in view of ink absorption or glossiness. 

The acid processed gelatin preferably used in the invention is prepared by deliming collagen and then processing 
it with an acid such as hydrochloric acid. 

The amino group inactivating gelatin preferably used in the invention is gelatin in which 50% or more, preferably 
20 80% or more and more preferably 90%, of the amino group, are inactivated. The above gelatin, which is prepared 
according to a conventional acetyiation method, includes acetylated gelatin, phlhaloylated gelatin, malenoylated gel- 
atin, benzoylated gelatin, succinoylated gelatin, methyl urea gelatin, phenylcarbamoylated gelatin, and carboxy mod- 
ified gelatin. The jelly strength of gelatin used in the invention is preferably not less than 160 kg. and more preferably 
200 to 300 kg (according to the PAGI method). The jelly strength of gelatin is measured with a bloom gelometer. 
25 In the invention, the gelatin content of the ink receiving layer is preferably 3 to 50 g/m2, and more preferably 5 to 

30 g/m2 If the gelatin content is less than 3 g/m^, ink reception is deteriorated, resulting in ink release from the ink 
received portions after printing, and if the gelatin content exceeds 50 g/m^, ink reception is improved but cracking or 
curfing occurs. 

The thickness of the ink receiving layer in the invention is preferably 1 to 50 ^im, and more preferably 2 to 30 ^m. 

30 In order to improve ink reception or dot reproduction, the following water-soluble polymer can be used. The water- 

soluble polymer includes polyvinyl alcohol, polyvinyl pyrrolidone, polyvinyl pyridinium halide, modified polyvinyl alcohol 
such as polyvinyl formal or their derivatives (see Japanese Patent O.P.I. Publication Nos. 145879/1985, 220750/1985, 
143177/1986, 235182/1986, 235183/1986. 237681/1986 and 261089/1986), an acryl group-containing polymer such 
as polyacrylamide. polydimethylacrylamide, polydimethylaminoacrylate, polysodiu mac ry late, acrylic acid-meth acrylic 

35 acid copolymer salt, polysodiummethacrylate or acrylic acid-vinyl alcohol copolymer (disclosed in Japanese Patent O. 
P.I. Publication Nos. 1 68651/1 985 and 9988/1 987). a natural polymer or its derivatives such as starch, oxidation starch, 
carboxylated starch, dialdehyde starch, cationated starch, dextrin, sodium alginate, gum arable, casein, pullulan, dex- 
trane. methylcellulose, ethylcellulose, carboxymethylcellulose or hydroxypropylcellulose (Japanese Patent O.PI. Pub- 
lication Nos. 174382/1974, 262685/1985, 143177/1986, 181679/1986, 193879/1986 and 287782/1986), a synthetic 

40 polymer such as polyethylene glycol, polypropylene glycol, polyvinyl ether, polyglycerin, maleic acid-alkylvinylether 
copolymer, maleic acid-N-vinylpyrrole copolymer, styrene-maleic anhydride copolymer or polyethylene imine (dis- 
closed in Japanese Patent O PI. Publication Nos. 32787/1 986, 237680/1 986 and 277483/1 986). Of these, the prefer- 
able are polyethylene glycol, polyvinyl alcohol and polyvinyl pyrrolidone, and the more preferable are polyvinyl alcohol 
and polyvinyl pyrrolidone. The average molecular weight of these polymers is preferably not less than 10.000. and 

45 more preferably not less than 100,000 in view of tackiness of the polymer surface. 

The water soluble polymer can be used singly or in combination, but the invention is more effected by the combi- 
nation use with the above described gelatin. The water soluble polymer content of the ink receiving layer is 3 to 50 g/ 
m2 and preferably 5 to 30 g/m^. 

When the water soluble polymer is used with gelatin in the invention, the addition amount ratio (by weight %) of 

so -the water soluble.polym.er to gejatin depends on the kinds of the polymer, but is preferably 1 0 to 70%, more preferably 
40 to 60% by weight in order to improve' irik feceptiblTahd/or dot image reproduction.. _ . . _ _ 

The ink receiving layer in the inventton preferably further contains basic latexes disclosed in Japanese Patent ' 
Application No. 7-54286/1995, and especially preferably exemplified compounds 1-1 through 1-12 on pages 16 to 18. 
in that excellent print can be obtained independent of circumstances. 

55 The ink receiving layer in the invention preferably contains water soluble polymers disclosed In Japanese Patent 

Application No. 7-64334/1995 in order to shorten the ink drying time. 

In the invention, the ink receiving layer can be hardened with a hardener in order to improve water resistance or 
dot reproduction. The example of the hardener includes aldehyde compounds such as formaldehyde and glutaralde- 
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hyde, ketone compounds such as diacetyl and chloropentanedion, bis(2-chloroethylurea), 2-hydroxy-4,6-dichloro- 
1,3,5-trla2lne, reactive halogen-containing compounds disclosed US Patent No. 3,288,775, divinylsulfone, reactive 
olefin-containing compounds disclosed US Patent No. 3,635,718, N-methylol compounds disclosed US Patent No. 
2,732,316, isocyanates disclosed US Patent No. 3,103,437, aziridine compounds disclosed US Patent Nos. 3.017,280 

5 and 2,983,611, carbodiimides disclosed US Patent No. 3.100,704, epoxy compounds disclosed US Patent No. 
3.091 ,537, a ha logencarboxy aldehyde such as mucochloric acid, a dioxane derivative such as dihydroxy dioxane, and 
inorganic hardeners such as chromium alum, potash alum and zirconium sulfate. These hardeners can be used singly 
or in combination. The addition amount of hardener is preferably 0.01 to lOg, and more preferably 0. 1 to 5 g based on 
lOOg of a binder contained In the Ink receiving layer 

10 The ink receiving layer may contain a matting agent in an amount of 0.005 to 0. 1 g/m2 in order to prevent adhesion 

defect such as blocking. 

The matting agent can be defined as discontinuously dispersed particles such as inorganic or organic materials 
capable of being dispersed in a hydrophilic organic colloid. The inorganic matting agent includes oxides such as silicon 
oxide, titanium oxide, magnesium oxide and aluminum oxide, alkali earth metal salts such as barium sulfate, calcium 

^5 carbonate, and magnesium sulfate, light-insensitive silver halide particles such as silver chloride and silver bromide 
(each of which may contain a small amount of an Iodine atom), and glass. BeskJes these substances are used inorganic 
matting agents which are disclosed in West German Patent No. 2,529,321 . British Patent Nos. 760 775 and 1 ,260,772, 
US Patent Nos. 1.201.905. 2.192,241, 3,053,662, 3,062,649, 3,257,296, 3,322.555. 3.353,958. 3,370,951, 3.411.907. 
3,437,484. 3,. 523,022, 3.615,554, 3.635,714, 3,769,020. 4,021,245 and 4,029,504. 

20 The organic matting agent includes starch, cellulose ester such as cellulose acetate propionate, cellulose ether 

such as ethyl cellulose and a synthetic resin. The synthetic resin is a water insoluble or sparingly soluble polymer which 
includes a polymer of an alkyl(meth)acrylate, an alkoxyalkyl(meth)acrylate, a glycidyl(meth)acrylate. a (meth)acryla- 
mide, a vinyl ester such as vinyl acetate, acrylonitrile, an olefin such as ethylene, or styrene and a copolymer of the 
above described monomer with other monomers such as acrylic acid, methacrylic acid, a, p- unsaturated dicarboxylic 

25 acid. hydroxyalkyl(meth)acrylate, sulfoaIkyl(meth)acrylate and styrene sulfonic acid. Further, a benzoguanamln-for- 
makJehyde resin, an epoxy resin, nykxi, polycarbonates, phenol resins; polyvinyl carbazol or polyvinylidene chloride 
can be used. Besides the above are used inorganic matting agents which are disclosed in British Patent No. 1 ,055,71 3, 
US Patent Nos. 1,939.213. 2,221.873. 2,268,662. 2.322,037, 2,376,005. 2,391.181. 2,701 .245, 2.992.101. 3,079,257. 
3.262,782, 3,443,946. 3, 51 6,832, 3.539.344.554, 3,591,379, 3,754. 924 and 3.767.448, Japanese Patent O.P.I. Pub- 

30 lication Nos. 49-106821/1974 and 57-14835/1982. 

Of these are preferable polymethylmethacrylate, a benzoguanamine-formaldehyde polycondensate (a benzogua- 
namine resin as represented by the following formula, for example. Eposter produced by Nihon Shokubai Kagakukogyo 
Co., Ltd., or (Chemical Substance Registry No. 7-31 compound). 

35 



40 



45 




polyolefins (for example, Frobeads LE-1080, CL-2080, HE-5023: produced by Seitetsu Kagaku Co., Ltd., or Chemipar 
50 V-100 produced by Mitsuisekiyu Kagakukogyo Co., Ltd.), polystyrene beads (produced by Moritex Co., Ltd.), nylon 
beads (produced by Moritex Co., Ltd.), AS resin beads (produced by Moritex Co., Ltd.), epoxy resin beads (produced 
by Moritex Co., Ltd.) or polycarbonate resin beads (produced by Moritex Co., Ltd.). 
These matting agents may be used in combination. 

The Ink receiving layer in the invention may further contain, in addition to the above surfactant of the invention, 
55 the binder and the hardener, various conventional additives such as Inorganic pigment, colorants, colored pigment, a 
fixing agent for ink dyes, a UV absorber, an anti-oxidant, a dispersing agent, an anti-foaming agent, a leveling agent, 
an antiseptic agent, a brightening agent, a viscosity stabilizing agent and a pH adjusting agent. 

As a coating method of an ink receiving layer coating solution, any conventional coating method (for example, a 
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curtain method, an extrusion method, an air-knife method, a roll coating method and a rod bar coating method) can 
be used. 

The ink receiving layer may be single layered or multi-layered. The example of the multi-layered includes those 
disclosed in Japanese Patent O.P.I. Publication Nos. 57-89954/1982, 60-224578/1985 and 61-12388/1988. Further. 
s an ink penetrating layer may be provided on the ink receiving layer. 

The ink receiving layer is provided on at least one surface of the support, and may be provided on both surfaces 
of the support In order to minimize curling. 

As a support used in the invention, a transparent or opaque support can be optionally used according to its use, 
A conventional support can be used as the transparent support, which includes a film or plate of polyester resins, 
10 cellulose acetate resins, acryl resins, polycarbonate resins, polyvinyl chloride resins, polyimide resins, cellophane or 
celluloid and a glass plate. 

The thickness of the transparent support is preferably 1 0 to 200 ^un. As the opaque support, any conventional one 
such as paper, coat paper, synthetic paper, resin-covered paper, pigment-containing opaque film or foaming film can 
be used in the invention, but synthetic paper, a resin-covered paper or various films are preferable in view of glossiness 
IS or snrKX)thness. and resin-covered paper or polyester film is preferable in view of touchiness or luxuriousness. 

The base paper constituting the resin-covered paper used in the invention is not specifically limited, and any con- 
ventional paper can be used, but a smooth paper used as a conventional photographic support is preferable. As pulp 
constituting the base paper, natural pulp, reproduction pulp or synthetic pulp is used singly or in admixture. These base 
papers may contain additives such as a sizing agent, a reinforcing agent, a filler, an anti-static agent, a fluorescent 
20 brightening agent or a dye which is usually used in paper manufacture. A surface sizing agent, a surface reinforcing 
agent, a fluorescent brightening agent, an antistatic agent and an anchoring agent may be coated on the surface of 
the material. 

The thickness of the base paper is not specifically limited, but is preferably 10 to 200 ^m. A base paper having a 
smooth surface is preferable, which is obtained by applying pressure to or calendering, paper, during or after papering. 
2S The weight of the base paper is preferably 30 to 250 g/m^. 

As a resin for a resin-covered paper, a polyolefin resin or a resin capable of being hardened with an electron beam 
can be used. The polyolefin resin includes an olefin homopolymer such as a low density polyethylene, a high density 
polyethylene, polypropylene or polypentene, an olefin copolymer such as ethylene-propylene copolymer or their mix- 
ture, each having various densities or melt viscosity indexes (melt index). These resins can be used singly or in com- 
30 bination. 

The resin for the resin-covered paper preferably contains various additives, for example, white pigment such as 
titanium oxide, zinc oxide, talc or calcium carbonate, a fatty acid amide such as stearic acid amide or arachidic acid 
amide, a fatty acid metal salt such as zinc stearate, calcium stearate, aluminum stearate or magnesium stearate, an 
anti-oxidant such as irganox 1010 or Irganox 1076. blue pigment or dyes such as cobalt blue, ultramarine, or phthalo- 

3S cyanine blue, magenta pigment or dyes such as cobalt violet, fast violet or manganese violet, a brightening agent and 
a UV absorber. These additives can be suitably used in combination. 

The resin-covered paper, which is the support preferably used in the invention, is manufactured by a so-called 
extrusbn method casting a thennally fused resin (for example, fused polyolefin) on the moving paper, whereby both 
surfaces of the paper are covered with the resin. When the paper is covered with a resin capable of being hardened 

40 with electron beam irradiation, the resin is coated with a conventional coater such as a gravure coater or a blade coater 
and then is irradiated with electron beam to harden the coated resin. Before the paper is coated with a resin, the surface 
of the paper is preferably subjected to activation treatment such as corona discharge treatment or flame treatment. 
The surface of the support on the ink receiving layer side is glossy or matted depending upon its usage, and glossy 
surface is preferable. The back side of a support is not necessarily covered with a resin, but is preferably covered with 

45 a resin in view of prevention of curling. The back surface of a support is ordinarily non-glossy, but the back surface or 
both surfaces of the support are optionally subjected to activation treatment such as corona discharge treatment or 
flame treatment. The thickness of a covered resin is not specifically limited, but is ordinarily 5 to 50 pm. 

The water based Ink herein referred to is a recording liquid comprising the following colorants, solvents and other 
additives. The colorant includes a direct dye, an acid dye, a basic die, a reactive dye and food dyes. 

so The solvent for water based ink includes alky I alcohols having 1 to 4 carbon atoms such as methyl alcohol, ethyl 

alcohol, isopropyl alcohol, butyl alcohol, sec-butyl alcohol, tert-butyl alcohol and iso-butyl alcohol, amides such as., 
dimethylformamideanddimethylacetoamide, ketones or ketonealcohols such as acetone and diacetone alcohol, ethers 
such as tetrahydrofurane and dioxane, polyalkylene glycols such as polyethylene glycol and polypropylene glycol, 
alkylene glycols having 2 to 6 carbon atoms such as ethylene glycol, propylene, butylene glycol, triethylene glycol, 

ss 1,3.6-hexane triol, hexylene glycol, thiodiglycol and diethylene glycol, polyhydric alcohol lower alkyi ethers such as 
glycerin, ethylene glycol methylether, diethylene glycol methyl(or ethyl)ether and triethylene glycol monomethylether, 
pyrrolidinones such as 2H-pyrroIidinone, and pyrrolidones such as l-methyl-2-pyrrolidone and 2-pyrrolidone. Of these 
water soluble solvents, a polyhydric alcohol such as diethylene polyhydric alcohol lower alkyI ethers such as triethylene 
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glycol monomethylether and triethylene glycol monoethytether, and pyrrolldones are preferable. 

In the invention, the solvent for Ink is preferably a mixture solvent of water and the above described organic solvent 
in view of prevention of ink head nozzle clogging. The mixture ratio of water to the organic solvent is preferably 1 :9 to 
9:1 by weight, and more preferably 4:6 to 9:1 by weight. 

The additives include a pH adjusting agent, a metal chelating agent, an anti-fungal, a viscosity adjusting agent, a 
surface tension adjusting agent, a wetting agent, a surfactant and an anti-rust agent. 

EXAMPLES 

The invention wilt be detailed in the following examples, but the Invention is not limited thereto. 
Example 1 

The following ink receiving layer coating solution was coated on RC paper available on the market by means of a 
bar coating method and dried to give a dry thickness of 8 g/m^. Thus, a recording sheet sample for ink jet recording 
was obtained. Next, yellow (Y), magenta (M) and cyan (C) color Images were printed on the above obtained sample, 
employing an Inkjet printer, Design Jet 650C (produced by Hulet Packerd Co. , Ltd.). The resulting sample was evaluated 
for dot diameter, optical density and unevenness at magenta color image portions. 

<lnk receiving layer aqueous coating solution> 

Lime -processed gelatin (Bloom strength; 250 g) 

100 parts by weight 

Surfactants (shown in Table 1) shown in Table 1 

* Solid component concentration of the coating solution 
was 8% by weight. The composition of each ink was as 
follows: 

Y: Direct yellow 50 (CI. 29025) 6 parts by weight 



methylene glycol 


47 


parts 


by 


weight 


Water 


47 


parts 


by 


weight 


M: Xylene red B (Cl. 45100) 


6 


parts 


by 


weight 


Diethylene glycol 


47 


parts 


by 


weight 


Water 


47 


parts 


by 


weight 


C: Light green SF Yellowish 


6 


parts 


by 


weight 


Diethylene glycol 


47 


parts 


by 


weight 


Water 


47 


parts 


by 


weight 
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Results ot evaluation will be shown as follows: 
<Evaluation ol image unevenness> 

A: Excellent, (without problem). 
B: Good. 




45 



-SO 



<Evaluation of glossiness> 

S- Sness o, the printed portions is s W deg-ded. 
C: Gtossiness of the printed portions « totally absent. 



55 



Table 2 shows the results. 
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Table 2 



5 



Sample No. 


Anionic surfactant 
(mg/m2) 


Cationic surfactant 
(mg/nn2) 


Opticat density 


Image unevenness 


Glossiness 


2-1 


500 


500 


1.22 


B 


C 


2-2 


300 


300 


1.23 


A 


C 


2-3 


150 


150 


1.24 


A 


B 


2-4 


100 


100 


1.21 


A 


B 


2-5 


75 


75 


1.21 


A 


A 


2-6 


25 


25 


1.20 


A 


A 


2-7 


5 


5 


1.19 


A 


A 


2-8 


0.5 


05 


1.17 


A 


A 


2-9 


0.25 


0.25 


1.17 


B 


A 


2-10 


005 


0.05 


1.15 


C 


A 



20 

From the above-mentioned Table 2, it can be understood that the recording sheet for ink-jet recording of the present 
invention has no unevenness at an Image portion and in addition, has excellent glossiness. 



Example 3 

Recording sheets for ink jet recording were prepared in the same manner as in Sample 1-6 of Example 1 , except 
that water-soluble polymers described in Table 3 were further added. They were evaluated tor ink absorption in addition 
to the same evaluation as described In Example 1 . 



30 <Evaluation on ink absorptivity> 

Commercially available wood free paper was brought into contact with the magenta solid image at 1 kg/m^ pressure, 
and then, the transfer degree of the ink onto the wood free paper was evaluated. 



3S A : When the contact was carried out 30 seconds after printing, no ink transfer was obsen^ed. 

B : When the contact was carried out 30 seconds after printing, slight ink transfer was observed, but when the 
contact was carried out one minute after printing, no ink transfer was observed. 

C : When the contact was carried out one minute after printing, slight ink transfer was observed, but no practical 
problem. 

40 



Table 3 



Sample No. 


Water-soluble polymer, 
addition ratio based on 
gelatin (wt%) 


Optical density of solid 
image 


Image unevenness 


Ink absorptivity 


3-1 


PEG 6000 1 ) (50%) (N ippon 
Yushi) 


1.34 


B 


C 


3-2 


Cerazol lOOA^) (50%) 
(Meisei Kagaku) 


1.44 


B 


A 


3-3 


PVA GL-05 3) (50%) (Nihon 
Gosei Kagaku Kogyo) 


1.32 


A 


B 



average molecular weight: 6,000 
^) average molecular weight: 150,000 
^) average molecular weight: 22.000 
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Table 3 (continued) 



Sample No. 


Water-soluble polymer, 
addition ratio based on 
gelatin (wt%) 


Optical density of solid 
Image 


Image unevenness 


Ink absorptivity 


3-4 


nVM r\-yu ^> (5%) (BASF) 


1.25 


B 


C 


3-5 


rVH K-90 (10%) 


1.28 


B 


B 


3-6 


pvp K-QO no%^ 


1 .ou 


Q 
O 


A 


3-7 


PVP K-90 (40%) 


1.33 


A 


A 


3-8 


PVP K.90 (50%) 


1.36 


A 


A 


3-9 


PVP K-90 (60%) 


1.37 


A 


A 


3-10 


PVP K-90 (70%) 


1.33 


B 


A 


3-11 


PVP K-90 (80%) 


1.34 


B 


B 



^) average molecular weight: 360,000 



As is apparent from the results shown in Table 3, when the water-soluble polymer Is added to the ink-receiving 
layer, both the optical density of the print portion and the absorptivity of the ink are improved. 

Example 4 

A sample was prepared with the same coating solution composition as Example 1 except that a commercially 
available polyethylene terephthalate film (the layer thickness was 100 ^m) in place of the RC paper used in Example 
1 , and was evaluated in the same manner as In Example 1. The results were almost the same as Example 1 . 

Example 5 

Samples 5-1 and 5-2 were prepared in the same manner as in Sample 3-6 of Example 3 except that cationic 
denatured PVP (GAFQUAT HS-100 produced by ISP Inc.) and polyallyl amine hydrochloride (PAA-HCI produced by 
Nittoh-bo Co. Ltd.) were added in an amount of 10 wt% based on gelatin, respectively, and were evaluated in the same 
manner as in Example 3. Results showed that Samples 5-1 and 5-2 had the same optical density and uneven image 
as those of Sample 3-6. However, the ink absorption of Samples 5-1 and 5-2 were half of that of Sample 3-6. Therefore, 
noticeable improvement was observed. 

Example 6 

The 7 weight % (as solid content) aqueous solutions containing the following layer compositions were coated on 
RC paper according to a bar coating method to obtain a recording sheet for ink jet recording. 

First Layer (a layer closest to the polyethylene paper) 



Lime-processed gelatin 


1.2 g/m2 


PVP-K90 


0.8 g/m2 



Second Layer (an intermediate layer) 



Gelatin (as shown in Table 4) 


3.3 g/m2 


PVP-K90 


3.7 g/m2 
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Third Layer (a layer furthest from the polyethylene paper) 





Gelatin (as shown in Table 4) 


0.7 g/m2 


5 


PVP-K90 


0.6 g/m^ 




Sodium di-2-ethylhexylsulfosuccinale 


16 mg/m2 




Exemplified Compound FA-19 


5 mg/m2 




Exemplified Compound FA-21 


5 mg/m2 


10 


Matting agent (Polymethylmethacrylate average grain size : 10 ^im) 


40 mg/m^ 



An image was printed using the above obtained sheet and an ink-jet printer (MJ'700V2C produced by Epson Co., 
Ltd.). 

The resulting sheet was evaluated for image unevenness and ink absorption In the same manner as in Example 
15 3. Further, glossiness of non-image portions at 60** was measured by a gloss meter VG-ID (produced by Nihon Den- 
syoku kogyo Co., Ltd.). The evaluation criteria of the glossiness were as follows: 

A : 80 or more; excellent glossiness 
B : Less than 80 to 70; good glossiness 
20 C : Less than 70 to 50; fair glossiness 

D : Less than 50; poor glossiness 

The results are shown in Table 4. 



Table 4 



Sample No. 


Gelatin in Second 
Layer 


Gelatin in Third 
Layer 


Image 
unevenness 


Ink absorptivity 


Glossiness at 
non-image 
portions 


6-1 


lime-processed 
gelatin 


lime-processed 

gelatin 


B 


B 


B 


6-2 


* PC gelatin 


lime-processed 
gelatin 


A 


B 


B 


6-3 


lime-processed 
gelatin 


PC gelatin 


B 


A 


A 


6-4 


PC gelatin 


PC gelatin 


A 


A 


A 


6-5 


acid-processed 
gelatin 


lime-processed 
gelatin 


B 


A 


B 



* PC gelattniphenytcarbamoylated gelatin a phenytcarbamoylation degeree of 98% or more 



As is apparent from Table 4, use of acid-processed gelatin provides more excellent ink absorptivity, and the use 
of amino group inactivated gelatin provides more excellent glossiness of non-image portions as well as provides more 
excellent image quality and ink absorptivity, resulting in improvement of print quality. 



Claims 

1. A method for ink-jet recording, comprising the step of: 

jetting a water-based ink on a recording sheet, the recording sheet comprising a support and provided ther- 
eon, an Ink receiving layer containing a binder, an anionic fluorine-containing surfactant and a cationic fluorine- 
containing surfactant, wherein the content ratio of the anionic fluorine-containing surfactant to the cationic fluorine- 
containing surfactant is 1 : 10 to 10:1 in terms of mole ratio. 

2. The method of claim 1 , wherein the anionic fluorine-containing surfactant is a compound represented by Formula 
(FA) and the cationic fluorine-containing surfactant is a compound represented by Formula (FK): 
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Formula (FA) (Cf)-(Y)„ 



ammonium group; and n represents 1 or 2, 



Formula (FK) (Bf') -L-X*Z* 

a cation; and T represents an anion. 
3 The method o. Cairn 1 , wherein the total content o. the an»nK= ,.uorine.ontaining surfactant and the catbnic 
fluorine-containing surfactant is 0,1 to 1000 mglm^- 

4. The method of claim 1 . wherein the binder comprises gelatin. 

5. The method of claim 4. where^ the gelatin is an acid^>rocessed gelatin o, an amino group-inaCated gelatin. 

6. Themethodofclalm4.whereinthegelatincontentoftheinXreceMnglayeris3to50g/m2. 

7. Themethodolcla^nl.wherelnthebindercomprisesgelatlnandawater-solublepol^^^^ 

8. Theme.hodofc.aim7.whereinthewater^lublepolymer«po.yvlnylpyr,olidonesorp 

9. Themethodo,cla^7,v*ereinthocon,^tra.toof,hewater-solub,epo^mertothegelatlnis10to^ 

10. The method Of claiml.wherein the support isapolyester film oraresln^vered paper. 
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